Amplified fragment length polymorphism (AFLP) was used to analyze the genetic diversity of 14 strains of Xanthomonas arboricola pv. pruni and seven strains of X. axonopodis pv. phaseoli, which are used in xanthan production studies. Relationships identified by the AFLP profiles were assessed for xanthan production capacity, geographical location and host plant. Strains were isolated from 10 different geographic regions in South and Southeast States in Brazil. Data were analyzed for genetic similarity using the Dice coefficient and subjected to UPGMA cluster analysis. A total of 128 AFLP fragments were generated from four primer combinations: EcoRI+C/MseI+0, EcoRI+A/MseI+0, EcoRI+G/MseI+T and EcoRI+G/MseI+A. Of these, 96.1% were polymorphic. X. axonopodis pv. phaseoli (S D = 0.27) was shown to be more polymorphic than X. arboricola pv. pruni (S D = 0.58). All 14 pathovar pruni strains were included in a single main group (S D = 0.58), while the pathovar phaseoli strains were divided into three separate groups, with one group containing five strains (S D = 0.38) and two isolated groups (S D = 0.31 and 0.27) composed of only one strain each. Species were distinguished by three and eight specific AFLP markers present in the pathovar phaseoli and the pathovar pruni, respectively. For the unique strain without xanthan production capacity (X. axonopodis pv. phaseoli str. 48), nine specific AFLP bands were found. There was no evidence that geographic area or host plant influenced genetic heterogeneity.
INTRODUCTION
The genus Xanthomonas is composed of phytopathogenic bacterial species that cause diseases in different crop plants, resulting in significant crop losses worldwide. Each species infects specific hosts (18) . In addition to causing diseases in crops, most of the species produce xanthan gum via an aerobic fermentation process. Xanthan gum is an important biopolymer and is used in the food, oil and cosmetics industries. For industrial production of xanthan gum, X. campestris pv.
campestris strain NRRL B-1459 is normally used. However, other Xanthomonas species have been shown to be capable of xanthan production, including strains with considerable xanthan yields such as the X. arboricola pv. pruni strains isolated from Brazil (2, 4, 20) .
X. arboricola pv. pruni (19) is the causal agent of Prunus (2, 3, 13, 17, 20) . X. axonopodis pv. phaseoli (14, 
19) infects mainly Phaseolus vulgaris and causes Common
Bacterial Blight, but other legume species are also naturally infected. Xanthan production studies have also been reported for this strain (11, 12) .
Many studies have used molecular biology techniques with diverse Xanthomonas species to show high levels of genetic diversity (polymorphism) in the genus as well as within species (1, 8, 9, 21, 22, 25) . On the other hand, pathovars from different species have shown strong genetic similarities, resulting in a total reclassification of the Xanthomonas genus (19) . Amplified fragment length polymorphism (AFLP) has been used successfully to study genetic diversity in Xanthomonas (22) , allowing for the identification of pathovars and allowing strains with a high degree of genetic similarity to be distinguished (23) .
The purpose of the present study was to investigate the genomic variability of the X. arboricola pv. pruni and X. axonopodis pv. phaseoli strains used in xanthan production studies. For the AFLP analyses, strains with different xanthan production capacities in MPII medium were chosen.
MATERIAL AND METHODS

Bacterial strains
A total of 21 Xanthomonas strains were used in this study, including 7 X. axonopodis pv. phaseoli and 14 X. arboricola pv. pruni strains (Table 1) , isolated from 10 different geographic regions in South and Southeast States in Brazil (Fig. 1) . 
Genomic DNA extraction
The strains were incubated in 20-ml tubes containing 5 ml YM medium (0.3% malt extract, 0.3% yeast extract, 1%
glucose, 0.5% peptone) for 24 h at 300 rpm and 28ºC. Aliquots of 2 ml of culture (O.D. 580 = 1) were collected for extraction.
The cells were washed twice with water and subsequently centrifuged to remove the xanthan gum. The cells were lysed using 500 l of 5% SDS solution at 60ºC for 40 min. Genomic DNA was purified using phenol/chloroform extraction, precipitated with ice-cold ethanol and resuspended in 30 l TE buffer. The concentration was determined with a spectrophotometer measuring A 260 (1 absorbance unit = 50 g ml -1 ). DNA quality was checked by measuring A 280 and DNA integrity was confirmed on a 1% agarose gel. The DNA samples were adjusted to 100 ng l -1 and stored at -20ºC.
AFLP protocols
The procedures were performed as described by the commercial AFLP kit for microorganisms from Invitrogen 
Electrophoresis of PCR products
The final amplified products were denatured at 94ºC and immediately placed on ice. Samples (6 l) were loaded and separated on a 6% polyacrylamide denaturing gel at a constant power of 60 W for 2 h at 50ºC in 1X TBE buffer. Finally, the gels were silver stained according to Creste et al. (6) . The bootstrap values were generated using Winboot software (24) .
RESULTS
Selection of AFLP primers
Primer combination assays were performed to determine which AFLP primers had the optimal number of selective nucleotides to generate an average of 30 bands per sample.
After screening seven primer combinations, four were chosen for use in this study ( 
Polymorphism level and cluster analysis
The sizes of bands scored in all gels were in the range of 100-450 bp. In total, 128 amplification products were produced, of which 123 were polymorphic (Table 2) .
Consequently, only five bands were shared among all strains, showing a high polymorphism level (91.9% to 100%), depending on the primer combination used. Within species, the polymorphic level was 94.7 and 87.2% in pathovar phaseoli and pruni, respectively. X. axonopodis and X. arboricola used in xanthan production Robust relationships between genetic similarity and xanthan production capacity with these strains were not found.
However, similar xanthan yields were observed for X. The dissemination of X. axonopodis pv. phaseoli through contaminated seeds is the probable reason for the lack of a geographically structured genetic profile (10) .
Environmental microorganism dissemination is normally X. axonopodis and X. arboricola used in xanthan production influenced by wind and rain events over time. Thus, the presence of a high level of genetic heterogeneity among pathovar pruni strains isolated from the three places (H, I and J) that have relatively small distances between them (< 100 km) is strong evidence that the pathovar pruni population from this geographical region is composed of different genetic groups. This evidence is strengthened by the hundreds of strain isolates from this region (20) , indicating a very rich Xanthomonas microbiota. Nevertheless, to strengthen this evidence, a genetic diversity study that includes a larger number of strains will be necessary. In the pathovar phaseoli, it is possible that geographic area is partly responsible for the high levels of polymorphism found. However, to prove this, it will be necessary to study more than one strain from each location.
Genetic polymorphism is also influenced by IS elements, which play an important role in bacterial evolution. These In conclusion, we report a high level of polymorphism among the 21 Xanthomonas tested. The X. axonopodis pv.
phaseoli genome was shown to be more polymorphic in comparison with X. arboricola pv. pruni and the strains were differentiated by specific AFLP markers present in each pathovar. AFLP-based genetic profiles and xanthan production capacity relationships were not consistent enough to establish a pattern and we did not find evidence that geographic area or host plant influences genetic heterogeneity.
